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INSTRUCTIONS:

€ Read the instructions for all questions carefully.

% Show all work, steps and proper units.

¢ Ask the teacher for scrap paper, but any work on the scrap paper will NOT be marked.
¢  Write in PENCIL.

€ GDCis allowed.

€ Allowed fo use non-electronic dictionary.

ASSESSMENT:

€ Read the criteria descriptors carefully before you start your work. This will give you a clear
understanding of what is required and what a quality piece of work for this task must include. This
way you give yourself the best chance of achieving the highest level in this task.

€ This task assesses Criteria B & C considering ALL the questions.

< Criferion C will be assessed as an overall impression on the presentation of work in this
assessment,
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Criterion B: INVESTIGATING PATTERNS

Achievement

Student’s self-
evaluation

Teacher’s
Final Grade

level Task Specilic Rubric IBO Published Descriptor
0 The student does not reach a | The student does notreach a standard
standard described by any of the | described by any of the descriptors
descriptors given below. _given below,
The student is able to N
@ Find some of the equations of the Thedsiudent applies, “f“h some
1-2 curves in part A guidance, mathematical problem-
Do NMaths P Recognizg e ldescribe D — solving techniques to recognize simple
the transformations in part A. eSS,
The student is able to The studebt .
34 e Do mostof the-questions in Park A @ selects and applies mathematical
o : . problem-solving fechniques fo
General and some questions in Part B. : )
2 recoghize patierns, and
Rule © Apply knowledge to unfamiliar ® . :
situations in Q10 and Q11 suggests relationships or general
' rules.
The student is able to The student
@ Fulfill the requirements above. @ selects and applies mathematical
@ Deduce a general form for Q12. problem-solving techniques to
5-6 @ Apply and justify the general from recognize patterns,
Test it in Q13. @ describes them as relationships or
e Find another transformation that general rules, and
works in Q14. @ draws conclusions consistent with
findings.
The student
The student is able to ® selects and applies mathematical
@ Fulfill the requirements cbove problem-solving technigues to
7-8 @ Prove mathematically the answer recognize patterns,
B : in Q15. @ describes them as relationships or
‘rove it

@ |dentify the unfamiliar
transformation in @16 and find its
eguation in Q17.

general rules,

o draws conclusions consistent with
findings, and

@ provides justifications or proofs.
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Criterion C: COMMUNICATION IN MATHEMATICS

Teacher’s

i Task Snecilic Rubric 180 Published Descriptor
The student does not reach a The student does not reach a standard
0 standard described by any of the described by any of the descriptors given
descriptors given below. below.
There s i @ The student shows basic use of
IERnERISnEIRsi 058 o) mathematical language and/or forms
terminology. : .
1-2 : " of mathematical representation.
There are some errors in the writing . : s
oFequailons. @ The lines of reasoning are difficult to
Narrative is difficult to follow. follow.
@ The student shows sufficient use of
Generally students use correct mathematical language and forms of ¥
terminology accurately, with only mathematical representation. Final Grade
few errors. @ The lines of reasoning are clear
3-4 Equations are mostly written clearly though not always logical or
and accurately. complete.
Narrative can be followed, and @ The student moves between different
diagrams are clear and labeled. forms of representation with some
success.
The student uses the comect | ® The studentshows good use of
terminology accurately for most of mathematical language and forms of
the problems. mathematical representation.
5-6 Equations are clear and accurate ® The lines of reasoning are concise,

Narratives are concise, logical and
complete.

All diagrams are clear and labeled

logical and complete.

@ The student moves effectively
between different forms of
representatfion.
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PART A (Suggested time: 20 minutes)

When the designers of the Hong Kong MIR were creating the now-famous logo, they decided to use
transformations of functions.

They started with a parabola as in the graph below:

80

70,

y.

y=x

They then reflected this curve by the x-axis:

8

Curve A

1. If the starting curve has the equation ¥ = X2, what is the equation of curve A2
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The designers then performed a transformation from their starting curve. It became this:

2.

+

Y

Curve B

-20]

What do you think the equation of curve B is2
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After the designers reflected curve B by the x-axis, they got curve C:

3.

Curve B

What do you think the equation of curve C is?

Curve C
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The designers then went on to make one further alteration. The diagram below shows the results of that
alteration. (Curves D and E are sketched on the same axes as B and C were on the last graph):

.
¥
ao-
60,
Curve D
‘au
0 2 i
T20 15 -10 s [ 5 10 15 i
Curve E
-60
_ao.

4. Describe in words what this last alteration was (fo make curve B become curve D and C become E)?

The . attemation gs a readt wps Ao it e mawmum vl Eﬂ e B ad

VLALLM Jalue  F.  Cun s . -{W a Ipagitl\r-q ,‘fq.A\Dn_Q,G L te Cwe an s oxtended
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(o ""Pl““% wnnle 4 M\’lﬁ\ﬂ 1)0}(«;30’& MI the \Ame Cb,—QL{QfLSFiCS tee. In c.‘.:f_d/
- v t

fo bniif, Ao Ceernt® 4o st o l‘-’\P\‘L'l{\g fle de<;aners 0Oy foke a (-O,\_t‘;&
‘QO“ 'f{LQ. A1 or - AR5 co  that  the carve @ ¢ Lanbed to  ts  meavewm valeu
S ‘(é”*“ Lo "‘Q_D owie  weue Ci biked & ot pinimuen value Ao p::f m cuive €.

%L\\) (‘f(’.ﬂf"\j a fﬂf\i'O‘ the pue@ will he wngble € sAvdch \)n:}ggo‘ the G

5.  What do you think the equation of curve D is?

3 G.u-ni ? (s o~ the Stme 2¥e s B =] 1‘3‘!»-‘6(”{, he caust D-Y 't[“‘a [‘”th
m
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6.  What do you think the equation of curve E is?
Yol
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C A 7. The "finished" logo is on 71]1597 [&ft, Describe fully the symmetry of

the design 1
\/ 11\4’—11 e 4 : ‘GJ!\C&U-/(“ 'fl‘LIS d'ﬁ/\t&‘\!d"{da" M
J
. v corcelales fo  the S'Smmtfvj. F):)\ aotgtion Adiaa‘ﬂ"\,

thece a®  mokdos B, B, C and D cesechisely, Tha
\ .(—a.-\ (st tmSrmation betueen
A e B Wikh D a line wibn o vabe of :{_)
(s dvetched do e melpoint A the wertices of fad
B, whkdr allows the Mﬂed’i&'\ K K od X fo_or
fom_each otber, This meons fhe imamar abovt D ad bofon
e S0 mebrica :'“ﬁ o b line of
Sﬁmmﬂ"‘} for  the curves Adel 8. Since ‘U\tj arepovakolay,
thy Gre qjmhpbzrmi whea” it s eut %fobﬁk Hhe  verfuts
Howewer, "t Ts  fthe natue thal a Para‘ool“- © summefrical/
ord not C u!waIM:] Aad B o  be shmmemod ,

PART B (Suggested time: 40 minutes)

Here is a logo of a well-known sportswear company:

Two students, Ahmed and Delinda, are interested in the
mathematics of the curves that make up the logo, and the
relationship between the curves.

Ahmed believes that the design is really based on a simple
curve (a quadratic), which is then transformed using simple
tfransformations.

He says that the “basic unit” of the design below is
y=x2-6x+11 0<x<5

y-axis

X-axis
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8. Show that the equation y = x2 = éx + 11 can be written as the second formy = (X = 3)2 + 2.

using comptling the squece’ ;
53 Lﬁ B . (- 6xx?) - q 4t
4o 1 - boka ) 2

[ ST ‘/f ach i
- (-;.1' £ x ?)1) ~T_§+/lf

9.  Describe how this second form of the equcﬁonj?u@s up with key features of the graph?
h, k)

P)»J\ the  frmula Yo alz-hY 4l When Qg the \erbey X the function
e (A-Ftl  shows  the fertey ;,/LB 2)  and  because d-1>0 it SLLﬁiNSfS The

J .
Qinction s @ rosltiuﬂ Ct& hat it s facing upwards  Thus  the tnformction of

the vertex gnd  natye ol the  rirve ndicates the vertey (3.3 (s fhe minimum

VA t‘-@r 5"‘\ fho Cuwvé, whale  the  mass mum vnlue ‘;’h’f. %(,hl‘.S 4o in P‘nn'.if_.q.‘ ﬂ“{(‘leO\J{’f 5

wr (L2 S“@ﬁats a ij Loatwe £ tians Bormation. When fo03- 1¥, -u\=z{b)1+2: 3('(\-

J
Q(}:z‘)*;l, which rQ;erSPntS this  funckion 1y franslated 3 waib 4o Myuﬁv t\(o»\\j_ ¥ -orls

G itk u?:uarclj Q(o/\j \}-ﬁy:\')' - .(::1\‘ +*, Howeufr, Hb(/’k% fechre is n'\{:j
valiel (-[ 'P(:P‘)‘- }lz,c.\f flLQ maost  basic ‘&AC*\"”‘ 5 ’E{L.L.ﬂp[fﬂhcs. !

J

He goes on to say that this curve is reflected in the line X = 5 as shown below:

~

y-axis

x
i
v

10§

X-axis

i "8 “10 V13 14

10. Ais the point (1, 6). What are the coordinates of the image of A afterreflectioninx = 5§

N o 4 LU\'\%S Ra- pn:l“ﬁ =S on the 1'6\‘('\5. R VI Y l\—*’:hdh_ﬂéﬂ the J.(,:o:(:(innﬂof _9‘?
X Loprctinates ' A i« perpedicular o a5/
. Tt (éﬁfc"’mf\,‘ chould alse be 4 wady away Fom A=5, ok reflechion of Y cowrdt ekes chautd remova
- fhe A copsctinates ok the reflection T \vatau. g, Lchfrwed .

i ‘7}\4 -J-:leurdiu\“ﬂs éf(‘ﬁedio‘h s l:
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11. Bis the point (3, 2). What are the coordinates of the image of B after reflection in x = 52

DB uath dwey o #2§5 en L-omis, e kae  shetche fon ¥) cowinates o1 0 s peepracliced an
T seflective on the w-ceoerdivates Sheuld afso b te 05
2 aalls ey Ham Py Ty ceflectinn oF Yy cee ol nbes remar rmctﬁj/

ccaocelrates of e Coflechsm

oo The 7. coomlinete® of 4ro reflection s D¥242:7] o Tee 9
Tl wedeates of de woge of B alte seblection n 2575 .
12. Pis the general point (x, y). What are the coordinates of the image of P after refledfion in x = 52

1. coodlina¥es. g4 2(54) = Ax 10 -lir At (0 - qle coordinates X Abp Mﬁ P alter ~7e8lection
j, coortlinales \a in o 1=5 s rL ’ii‘{‘j; ‘3\

13. Ahmed takes the x-coordinate of his answer to Q12, and substitutes this in for x in the original
equation y = x2 - éx + 11. He (correctly) believes that it gives him the equation of curve 2. What

equation for curve 2 doe; Ahmed get, and whct range of values of x does it apply toe
Y

i (- 440) - b(-A% FC)-{” Pl N *16Sé
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Delinda believes that Curve 1 in the diagram above can be ironsformed into Curve 2 by a different way.

14. What transformation(s) is/are Delinda thinking ofe  Give as many details as possible.
The frms((’:r*—m‘(‘[&n Delinda is {k,[;lp's\s of  aupes  tflecbion gad ffons(ati\njqr while Ahmeols
way  ealy  uoloeg f'l!'ﬁfd‘im. Velindas  (oou = fo refledt  cuive A along w-axis . fhpa

- = - o<

‘ffﬂfﬁlq*'ﬁ the ‘Rmﬁtiof\ te  the 'l'O.‘k'l' 1o The posiijot\ twve & w at e Qr:fuc}.q{‘a.g-t J‘Q
thic « it Lfin [‘Prn(j the pgwfior\ v!; '? ) b the fQQlech-ﬂﬁ afout 3 o iy rodler Yhao
(!"rwu\_«a Mo e of S\J\MNQJDM al AN Gﬂ\ apn'-/{f\.a f—fb‘-‘!"’"’" a“ -(’[‘1 2) %r‘ {mulcrfrq
the #nr,ha« '\o e ftﬂ‘w\" Aton-a COXAS.

Rt
v (™ ) rw; i

15. Isit possible for both Ahmed and Delinda to be right2 Explain your answer.

Phned  gnd Delinda  Can both  be  Correch, Below ge the  malematical slegs foc Wlindas melled:

-ét': agua‘ﬁo« of twwe | be -r(“i‘l ocdl 3 Be  A().
'ﬁ)‘.)'. 'i’r&'l’.-f [ (ﬂ}lu-«?n)

By ceflecting 12 plong o aws,
7 ) [

ol edions 5 T
© aq): fen)e Lefaen) &
v
Ay 'f(ﬂ“SLﬂﬁ"Uﬁ 4(1)'9{01\3 f -Bagis gﬁf 1D wiih fo fhe riqné, /
T o Y J
AYY- aly=0) = (ero) 4 A1) 41l = 2205400 €60 + 10 = x" 1 4A+3S (5 s/g;o)
J

'ﬂmﬁ 0@ _hith orreck Ve cause bokh  methods ra.  obtain  the '.magp of Cﬁ/u-e 2 fon
fuwve | b:,\) oo brmatioa qf c& - a;\?ks. Tle «Mlj O(if[?/emz e Phned p_m\éd as  To c-’\anﬁﬁ—
Dg ,i-,um‘\b altes fhe rcﬂecﬁa«: ule  Delnda  Corsders fhe poirt't anir\j} cQ the  whole

i for rebledion  add  fracsleton,
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curve 3 curve 4

To complete the above logo, curve 1 is fransformed into curve 3, and curve 2 is tfransformed into curve 4

16. What single transformation is performéd on curves 1 c:n?/i in order to end up with the logo?

Cuve | a.dd 2 % *’E'ngd-ﬂ“u”lotﬁ 66 {V%m tunl Y ol X

17. Whatis the equation of curve 32

Lt ogation of wne U= {m) eod cune 3 be 5(1).
da)e 2 bty [ﬂwﬂn)

8\1\-_

/\

End of Assessment
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